To develop new slabs with light weight and high rigidity as well as meet the requirements of use and facilitate construction, a largespan multi-ribbed composite slab (R-CS) with filled lightweight blocks is proposed based on systematic research. Static tests of the bending behaviour of the four pieces of the R-CS specimens and one ordinary concrete cast-in-place slab were carried out. e fracture distribution, bearing capacity, deflection, and load-strain curves of the tensile steel bars were analysed. e difference in the bending behaviour between the R-CS specimens and the cast-in-place slab and the influence of different structural forms on the bending behaviour of the R-CS samples were studied. By calculating the bearing capacity of the fully composite state, their composite performance was evaluated. e research shows that the bending failure process of the R-CS specimens is similar to that of the cast-in-place slab and the crack and deflection development as well as ductility are relatively good. e measured bearing capacity of the specimen can reach more than 70% of the theoretical calculation strength under the fully composite state. e composite performance is satisfactory.
Introduction
e floor is one of the basic components of a building structure. Choosing a reasonable floor system can not only improve the mechanical properties of the whole structure but also reduce the cost, facilitate construction, and protect the environment. Due to repeated use of the floor structure, its cumulative mass accounts for 40%-60% of the total weight of the structure and the total weight of the structure is reduced by 5% for every 10% reduction in the floor weight [1] . e reduction of the floor self-weight also reduces the load of beams and columns and thus reduces the crosssectional size and reinforcement of the beams and columns. Moreover, a lighter structure indicates a smaller seismic response and further reduces the cross-sectional size and reinforcement of the beams and columns [2] . Assembled monolithic buildings have become the main form of assembled buildings because of their excellent overall performance. As an important component of the assembled monolithic concrete structure, the composite floor has good integrity, fast construction speed and reduced formwork, and it has been more widely used in engineering [3] . However, traditional solid prefabricated slabs are difficult to apply in large-span fields because more people, materials, and machines are needed for lifting and transportation due to the greater self-weight [4] .
It has become an urgent problem to improve the structural performance of slabs, reduce costs, speed up construction, and develop a lightweight floor with a long span, which meets the use requirements and facilitates construction. According to the regional characteristics of the world and the advantages of local conventional floors, the development of prefabricated composite slabs to save formwork and speed up construction has become the choice of most researchers [5] . In 1936, American engineers attempted to fill inexpensive light wooden boxes in the middle of the beams and ribs of floors, which initiated the history of hollow floors. Hollow slab construction requires considerable internal formwork, and the corresponding positioning and antifloating process of internal formwork consumes a great deal of time. Additionally, construction quality control is difficult. Compared with other slabs, the advantages of hollow slabs are not obvious. A prefabricated hollow composite slab, with a bottom hollow prefabricated bottom slab and upper postpoured concrete, exhibits good cooperative performance between the prefabricated layer and cast-in-situ layer, but the cast-in-situ layer has a limited capacity to improve and the weight reduction effect of this component is not obvious [6] [7] [8] . Sandwich slabs and beamless floors with EPS and XPS as representatives have good thermal insulation performance and obvious weight reduction effects, but plastic is not environmentally friendly and the compatibility with concrete is poor [9, 10] . e profiled sheeting-cement board and ferrocement composite board are recent development in the floor slab. Lightweight concrete was used as an infill material to act as a sound insulator for the floor. However, the limitations of this system are the high manufacturing and construction costs and its low stiffness which result in a large deflection and development of cracks in the finishing elements connected to the slab [11] [12] [13] .
To overcome the problems of large self-weight, long construction period, excessive material consumption, and high cost in the construction of cast-in-situ floor systems or traditional assembled composite floors, an assembled lightweight multi-ribbed composite slab (R-CS) suitable for a large-span field is proposed based on our previous research in the assembled multi-ribbed composite structure system [14] ( Figure 1 ). e slab ( Figure 2 ) is mainly divided into a prefabricated composite layer and a cast-in-situ layer. e prefabricated layer is composed of a reinforced concrete base, half with embedded blocks. e other half of the block is exposed to form a prominent keyway. e cast floor can be used as a frame with good stiffness and a rough surface; the latter part finishes the rib pouring and then pours the top concrete, forming a composite slab, and the amount of castin-situ concrete is small. e composite floor has the following advantages. e main advantage of this structure is the use of lightweight ecological blocks to replace core concrete that does not significantly improve the mechanical properties of the slab. First, the weight of the floor structure is greatly reduced by using lightweight ecological blocks to replace core concrete, without sacrificing the performance of the board, and the measured weight loss can reach approximately 30%. Secondly, most of the blocks are processed from construction, industrial, and agricultural wastes. ese blocks facilitate green environmental protection and contribute to the structural strength. For example, the filled aerated blocks studied in this paper are processed by materials such as industrial slag, which is light and has good strength. Additionally, aerated blocks exhibit superior performance, such as insulation and sound insulation, which further enhances the overall performance of the panels [15, 16] . In addition, the slab incorporates industrial construction technology with simple construction processes and technical requirements, which are conducive to improving the production efficiency and is suitable for developing countries and regions with relatively backward technology and industrialization. Finally, by arranging the steel trusses in the longitudinal ribs in the slab, the superimposed performance and crack resistance of the test piece can be enhanced, the flexural bearing capacity can be significantly improved, and the applicable span range can also be increased [17] .
In this paper, four full-scale bending behaviour tests of four R-CS (S1∼S4) and one ordinary concrete cast-in-place slab (S6) are carried out. e failure characteristics, fracture distribution, bearing capacity, deflection, and load-tensile bar strain curve are analysed. e strain curve focuses on the influence of different structural forms, such as transverse ribs, longitudinal ribs, and top concrete, on the bending behaviour of the R-CS, and the composite properties of the test pieces are analysed and evaluated based on the test results and calculation. 
Experimental Study

Design and Fabrication of Specimens.
Five specimens were tested in this batch, including one ordinary concrete cast-in-place slab (S6) and four R-CSs (S1∼S4). e five specimens were 5700 mm long, 1440 mm wide, and 190 mm high. S1∼S4 were cast twice, the precast composite bottom slab was poured for the first time, and the cast-in-place layer was poured after 28 days. e number of autoclaved aerated concrete blocks in S1, S2, S3, and S4 was 24, 32, 36, and 32, respectively. Among them, the size (length × width × height) of the S1∼S3 aerated concrete blocks is 600 × 240 × 100, and the size related to aerated concrete blocks of S4 is 600 × 240 × 140. All R-CS longitudinal ribs are equipped with a steel truss. e diameter of the upper chord steel bar is Ø10, the lower chord steel bar is Ø8, and the web bar is Ø6. e bottom concrete thickness (h 2 ) of all slabs was 50 mm, the top concrete thickness (h 1 ) of S1, S2, and S3 was 40 mm, and S4 had no top concrete. e cast-in-place S6 is cast in one time. 11 steel bars with a diameter of 12 are arranged at the bottom of the slab with a spacing of 140 mm, and this configuration is the same as R-CSs'. e cast-in-place slab is not equipped with steel trusses. e details are shown in Figure 3 and Table 1 .
Specific manufacturing steps are divided into four steps: (1) placing reinforcement and pouring concrete; (2) placing aeration blocks, pouring longitudinal and transverse rib concrete to half the height of the rib, and curing to form a prefabricated composite layer; (3) placing the upper distributed steel bar; and (4) pouring the top concrete. e specific production process is shown in Figure 4 .
Materials.
e slab was poured with ordinary concrete, and the design strength grade was C30. e 28-day average cube strength (f cu.k ) of this mix for the upper and lower layers was 27.7 and 32.3 N/mm 2 , respectively. e corresponding elastic moduli are 2.91E4 and 3.06E4 N/mm 2 . e 150 × 150 × 150 mm cubes are used in this test, and the cubes and the specimens are poured in the same batch. e density of aerated autoclaved concrete was 5.9 KN/m 3 , and the saturated compressive strength was 4.6 N/mm 2 . e test results of the properties of the steel bars are shown in Table 2 :
Preparation and Load.
To determine the behaviour of the composite slab under flexural conditions, the one-way slab was simply supported and two-line loads were adopted. Table 1 contains detailed information on the specifications and weight loss ratios. A hydraulic jack was used in the test.
e loading system consisted of the gantry, a hydraulic jack, a load sensor, and 3 distribution beams. e force transfer of the jack was controlled by using a load sensor. e loading device is shown in Figure 5 . e static loading process can be divided into preloading and formal loading stages. e preloading stage had three stages of loading and three stages of unloading; each stage was 2 kN. In the formal loading stage before cracking, each stage loading was 2 kN; after cracking, each stage loading was 4 kN. A 10-minute waiting period was assumed prior to reading the values after each stage. In this way, the specimen could fully deform and crack, and then, the deflection was recorded and the strain data of steel and concrete were collected.
During the testing process, LVDTs were placed in the cast-in-place layer and the prefabricated layer at the end side of the slab to monitor the composite performance of the slab. LVDTs were also set at the midpoint and the third point of the specimens, and the strain gauges of steel and concrete were arranged at the key points of the specimens. e specific arrangement of the displacement gauge and strain gauge is shown in Figures 5 and 6 , respectively.
When the specimen reached one of the following five marks, it was considered that the specimen had reached the ultimate state of bearing capacity and stopped loading: (1) the bending deflection reached 1/50 of the span; (2) the crack width at the main tendon of the tension reached 1.50 mm or the strain of the reinforcement reached 0.01; (3) the main tendon of the member was broken; (4) the concrete in the compression zone was cracked and broken; and (5) 
Results and Discussion
e experimental data were analysed in the context of the crack distribution, bearing capacity, load-deflection profile, and load-strain curves of tensile steel bars.
Failure Characteristics and Fracture Distribution.
e bending process of the five specimens is basically similar, and there are obvious elastic, elastic-plastic, and failure stages. e distribution of cracks at the bottom and side of the panels is shown in Figure 7 , which shows the following:
(1) Compared with cast-in-situ slab S6, the crack development of the five R-CS specimens is basically similar. e main cracks are concentrated in the pure bending section between the two loading lines, showing a typical crack distribution characteristic of one-way slab bending failure. (2) e fracture distribution and failure characteristics of the four R-CSs and a cast-in-place slab are compared and analysed as shown in Table 3 .
Bearing Capacity.
e measured values of the cracking load P cr , the yield load P y , and the ultimate load P u of each specimen are shown in Table 4 .
e results indicate the following:
( 
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(2) Comparison of the four R-CS specimens: the longitudinal rib, transverse rib, and top concrete have little effect on the cracking load. e yield load and ultimate load of specimen S1 are increased by 12.96% and 5.75%, respectively; the yield load and ultimate load of specimen S3 are decreased by 1.30% and 2.20%, respectively; and the yield load and ultimate load of specimen S4 are decreased by 10.12% and 1.34%, respectively, compared with S2. is finding shows that different structural forms have a certain influence on the yield load and ultimate load, and the order of influence is as follows: longitudinal rib > top concrete > transverse rib.
Load-Deflection
Relation. e load-deflection curves of the five specimens are shown in Figure 8 . e results are described as follows: e curves of the five specimens during the loading process are basically the same, and they all go through three stages: elastic, elastic-plastic, and failure. e curve of the elastic stage basically shows a linear relationship. When concrete cracks into the elastic-plastic stage, the curve demonstrates the first obvious inflection point and the curve presents a climbing development. With the successive yielding of longitudinal reinforcement, the specimen enters the failure stage, the crack develops rapidly, and the deflection increases sharply.
Comparison of the four R-CS specimens with each other:
Under the same load, the deflection of specimen S1 is the smallest, which shows that more longitudinal ribs can significantly improve the bending stiffness of the specimen. However, the curves of specimens S2 and S3 are similar, especially in the elastic stage; the curves basically coincide, which shows that setting transverse ribs has little effect on the bending stiffness of the specimen. e deflection of specimen S4 is the largest, and there is a small slip phenomenon during the later stage of loading. e concrete at the top of the slab has a great influence on the stiffness of the specimens. e specific displacement and ductility characteristics are shown in Table 5 .
Load-Tensile Reinforcement Strain Relation.
e loadtensile reinforcement strain curves of five specimens are compared in Figure 9 . From Figure 9 , it can be concluded that the curves are composed of a straight linear stage before concrete cracking, a climbing section after cracking to steel bar yielding, and a flat stage after steel bar yielding to the ultimate state of the bearing capacity of the specimens. e curves show good flexural failure characteristics, with the exception of the short elastic stage.
(1) Comparison of the four R-CS specimens with castin-place slab S6: the change trend of the 4 R-CS specimens and cast-in-place slab S6 is basically the same. Under the same load, the strain of the steel bars is less than that of specimen S6, which indicates that the steel truss in the longitudinal rib shares the tensile stress of the bottom longitudinal tension steel bars. (2) Comparison of the four R-CS specimens with each other: Under the same load, the strain of the longitudinal tension steel bar at the bottom of specimen S1 is the smallest. Comparing S2 and S3, the strain of the tension bars at the bottom of the two specimens before steel yield is close. Only in the failure stage is the strain of the tension bars of specimen S3 slightly larger than that of specimen S2, which indicates that the transverse ribs have less influence on the stress of the tension bars. Comparing S2 and S4, the tensile strain of the steel bar at the bottom of specimen S4 is larger than that of S2 during the bending process, which indicates that the top concrete has an influence on the stress of the tension bars at the bottom of the specimens.
Composite Performance Analysis and Evaluation
Variation in the Strain along the Depth.
e concrete strain distribution along the depth of the slab is shown in Figure 10 under various loads. As shown in Figure 10, (1) Before the yielding of the steel bar, the strains of specimens S1, S2, and S3 have a good linear relationship along the slab height direction. As the load increases, the curve shows a certain bending. Before
Step 1
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Step 3 Advances in Civil Engineering the yield load is reached, the strain of the cross section of the specimen along the thickness of the slab has a good linear relationship, and the flat section assumption is true.
(2) Slab S4 shows similar changes with the other three pieces in the uncracked loading phase, and the crosssectional strain showed a linear relationship along the depth of the slab. When the load is increased to 35 kN (50% of the yield load), the neutral axis position begins to move downward, indicating that the stacking layer begins to slip and the specimen then exhibits semicomposite bending behaviour.
Load-Slip
Curve. e load (P)-slip (∆) curve is measured by the LVDTs placed at the end of the prefabricated bottom layer and the cast-in-place layer. e results from Figure 11 are as follows:
(1) S1 compared with S2: the displacement curves of the upper and lower layers of the two composite specimens are all well-formed, and the amount of slip is small, which is basically negligible. (2) S3 compared with S2: the slip amount of S3 is larger than that of S2, which means that at this size, the cross ribs need to be arranged for this type of slab to maintain good composite performance. (3) S4 compared with S2: the slip amount of S4 is much larger than the slip amount of S2, and after reaching the yield load of 50%, the upper and lower layers slip curves of S4 are separated, indicating that the test piece begins to slip, and this appears to be in phase with the neutral axis shifting phase in Figure 10(d) . e relatively weak composite properties of S4 indicate that the top concrete has a greater impact on maintaining the work performance of the slab, which is greater than the effect of the transverse ribs.
Degree of Composite Action at the Elastic Stage.
In the elastic stage, the composite properties of the specimens can be evaluated by I e /I g [13] , and the effective moment of inertia can be determined by the sectional stress according to the following formula:
where σ b and σ t are the stresses at the top and bottom of the slab, respectively; M is the applied bending moment; and h is the depth of the slab. 
LVDT
The concrete strain gauge (b) Figure 6 : Locations of the strain gauges: (a) reinforced strain gauge arrangement; (b) concrete strain gauge arrangement. Table 6 gives the evaluations of the composite properties of the composite specimens at force F � 7 kN, M � 6.44 kN m, and h � 190 mm. I g is the moment of inertia of the section under the fully composite state of the specimens, and S1∼S4 do not consider the filler. e calculation diagrams of the slab are shown in Figure 12 , and the corresponding calculation formulas are shown in Table 6 . ere are fewer regional cracks in the transverse rib distribution area.
S3 No transverse ribs
e crack spacing is the smallest, the texture is complex, and there is no peeling or local buckling at the top and bottom S4 No top concrete e crack spacing is large, the width of a single crack is the largest under the same load, and there is no crushing phenomenon of the aerated blocks S6 Cast-in-place slab e cracks are evenly distributed and the direction is clear. Advances in Civil Engineering
Analysis of Composite Performance in the Failure Stage.
Because the composite performance and work performance are not easy to define, using the traditional method is difficult to accurately calculate the ultimate bearing capacity of the specimen. However, the bearing capacity of the limit states, i.e., fully composite state, can be calculated, and the composite performance of four composite specimens can be evaluated by comparing with the measured values. When the panel is assumed to be fully composite at the ultimate strength (Figure 13(b) ), the ultimate flexural capacity of the panel is calculated as shown in Table 7 [20] .
Hence, the ultimate load carrying capacity of the slab per meter length � 8M/l 2 and the slab span l � 5.52 m. e total load resisted by S1, S2, S3, and S4 as the full composite is P u � 142.03 kN, 133.19 kN, 133.19 kN, and 134.49 kN. Here, f u is the compressive strength of concrete, f c � 0.76f cu.k [18], A s is the area of the tension reinforcement, f u is the yield strength of the reinforcement, b is the compression zone width, and h 0 is the depth of the reinforcement, as shown in Figure 13 , C is the compressive force in concrete, M u is the ultimate moment capacity under flexure, x is the depth of the neutral axis measured from the more highly compressed face, T is the force in tension reinforcement and α is the coefficient of equivalent rectangular stress diagram of concrete compression zone.
As shown in Table 8 , the actual bearing capacities of S1, S2, S3, and S4 are 27%, 26%, 28%, and 28% less than those calculated by assuming a fully composite state, respectively. If we consider the percentage of composite action at ultimate strength to be the ratio of the theoretical ultimate strength assuming fully composite action to the ultimate strength obtained by test, then the slab S1 would be 73% composite, slab S2 is 74%, slab S3 is 72%, and slab S4 is 72% composite.
is result is slightly different from the evaluation of composite properties (92%, 87%, 85%, and 71% for slabs S1, Figure 10 : Variation in the strain along the depth: (a) Slab S1 (b) Slab S2, (c) Slab S3 and (d) Slab S4. 8 Advances in Civil Engineering S2, S3, and S4, respectively) in Section 3.3 at the elastic stage. is difference is because under the influence of the aerated block, the stress distribution is caused by the shear lag phenomenon at the top, and the aerated block is deformed by extrusion, which makes the composite performance of the four test pieces different from the elastic stage. Advances in Civil Engineering
Conclusion
(1) e R-CS destruction process is similar to the typical failure process of ordinary one-way slab. From the beginning of loading to failure, the slab has experienced three stages: the elastic stage before cracking, the elastoplastic stage after cracking, and the failure stage after steel yielding. e development of cracks and deflections is relatively sufficient, and there is no sudden fracture or horizontal cracks along the superimposed surface.
(2) Compared with the cast-in-place slab S6, the R-CS specimens have a slightly lower cracking load, but the yield load-and the ultimate load-carrying capacity are higher. e displacement properties of the two specimens are good, and the displacement ductility coefficients are all approximately 2.5.
(3) e longitudinal ribs of the built-in reinforced truss can effectively restrain the development of cracks, and the increase in the stiffness and ultimate bearing capacity of the slabs at all stages is significant. e top concrete has an obvious effect on improving the rigidity of the test piece and inhibiting the cracking of the bottom layer, but it does not affect the ultimate bearing capacity; the transverse ribs contribute to the stiffness and ultimate bearing capacity of the slab. e order of influence of the different structural forms on the yield load and ultimate load is as follows: longitudinal rib > top concrete > transverse rib. (4) e bearing capacity of the composite slab is good, and the actual strength can reach more than 70% of the theoretical calculated strength in the fully composite state using GB50010-2010. Considering the large amount of light material blocks filled inside, the composite performance is satisfactory.
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